It is of fundamental importance to establish whether there is a limit to how thin a superconducting wire can be, while retaining its superconducting character, and, if so, what sets this limit. This issue may also be of practical importance in defining the Properties of a JJ can be understood from an analogy with a quantum particle in a periodic potential 9 , whose wave function is a delocalized Bloch wave. Since the
Josephson energy is a periodic function of ϕ , the JJ should also be delocalized in the ϕ -space , and thus insulating , for arbitrary strength of the Josephson coupling.
However, this is not always true since the JJ is a macroscopic quantum system 10 which interacts with environment. This interaction 11 , when linear, can be described in terms of the classical friction coefficient ( η ). The friction can reduce the energy bandwidth to zero and localize the particle 12, 13, 14 . Such quantum localization transition is called dissipative phase transition (DPT) 15 . It occurs at some critical value of η independent of the strength of the periodic potential. In the case of JJ 15 , the dissipation is controlled by the normal conductance (G NJJ ), and the DPT appears as an insulator-superconductor (SI) transition at G NJJ = (2e) 2 h. The physics of superconducting wires is more complicated since ϕ can vary along the wire. The nature of SI transitions in nanowires has recently been analyzed theoretically by many authors 7, 8, 16 , yet there is no consensus at present.
In this paper we investigate experimentally the possibility of a DPT in ultrathin wires. If it exists, it could be the main mechanism which controls superconductivity in nanowires. By analogy with JJ, we may expect that the DPT should be controlled by the wire's normal-state conductance (G N ≡ 1 R N ) and should not depend explicitly on its diameter, which determines the energy barrier for phase slips. We have measured several nanowires of diameters < 10 nm , ranging in length from L ≈ 95 nm to L ≈ 185 nm , much longer than the coherence lengthξ ≈ 8 nm . It is found that the wires are superconducting only if R N is lower than the quantum resistance for Cooper pairs
≈ 6.5 kΩ ), and insulating otherwise. This agrees with the DPT interpretation: At weak dissipation the tunneling of phase slips is dominant in ultrathin wires and destroys superconductivity. Nevertheless the superconductivity is recovered at R N < R q , when the dissipation, proportional to G N , is strong enough to suppress the QPS tunneling.
Quantum effects are measurable only in ultrathin nanowires of size ~10 nm 8 which is below the resolution limit of electron beam lithography. We have developed a powerful new technique which allows fabrication of uniform nanowires considerably thinner than 10 nm (Fig.1c) . This is achieved by sputtering a superconducting alloy of amorphous Mo 79 Ge 21 over a free-standing carbon nanotube or bundle of tubes which is laid down over a narrow and deep slit 17 etched in the substrate (Fig.1a) . The wire width is determined by the width of the underlying bundle, which serves as a template for metal deposition. Graybeal and Beasley 18 discovered that sputtered MoGe films are amorphous, have a sharp superconducting transition, and show no signs of granularity down to ~1 nm film thickness. Our nanowires are five times thicker, so they are expected to be very homogeneous. Indeed, even the narrowest wires of width W ≈ 5.5 nm are continuous (see Fig.1c ) with the surface roughness of ~1 nm.
The sample resistance was determined from the slope of the current-voltage (I-V) curves measured at a frequency of 0.48 Hz by current biasing the leads I+ and I- (Fig.1a) . (Fig. 3a) resembles the SI transition in amorphous thin films (2D limit) 20 which occurs when their resistance per square R ® = ρ / d reaches R q ≈ 6.5 kΩ . Despite apparent similarities, we think that our transition is different since our 5 nm thick MoGe film (which forms the leads and the wire) has a much lower resistance per square
Two dashed curves (Fig. 3a) correspond to samples with two parallel wires. bias current one has to consider virtual phase slips. This ensures that no real dissipation takes place when the system is in its ground state. In this case the damping, which is still proportional to the normal conductance, is also virtual.
As we already discussed, a quantum system becomes superconducting when the damping is strong enough to suppress tunneling in the ϕ -space and to localize the phase. In contrast to the JJ case (which is geometrically a 0D system), the phase fluctuations in a nanowire (which is 1D) can vary in length from ξ up to the length of the wire ( L ). The "friction" acting on a QPS depends on the length scale over which the (Fig.3c) is very similar to measurements 15 on JJs which undergo a DPT. This similarity gives an additional confirmation that the transition which we find near G N = (2e) 2 h is a DPT.
In conclusion, we presented the first observation of a dissipative transition in superconducting nanowires which occurs near G N = (2e) 2 / h. The results indicate that at the transition the QPS length scale becomes equal to the wire length L >> ξ . In the future we plan to investigate the DPT in longer wires and compare it to the RG theory of Zaikin et al. 8 , which predicts that the wire diameter becomes important when the length exceeds ~hc MS / k B T~10 µm (c MS is the velocity of the Mooij-Schön mode 21 ).
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